
Xntroduotion 

2har tiuaooitsy of 8 ~ I S P D B ~ ~ O  i a  Poiacltxill@ 

f l o w  (i. r.,  f l o w  through a oapi l laq  tuba) w u  

studied axperimantally by Peter and P . t e n  (1955). 

'Ilrrey msamed the rnppissrtnt r i rosel ty  q (the arcrsatty 

o a l m l a t e d  by uairrgg Ohe well Worn PoX~etxille forabula) 

aa hraotion of ahear rate tor para-an~xyUPI~ole (PAA) 

at differsat tebmrpasraturee. A t  onp girea taperature, 

in the nemtio phase q 4aoreaa.d by u a8 502 
as the shear inuremed rappscra@hing a ommtanlp value 

af hi@ shear ratas. In the iaetropio pblMb q d i d  

not abaange w i t h  ahear rate. &lm$lur rrruur(~11cbnt8 

wme oarried out by Pozlex and Johaaon (1962). 

flouever I t  rshould be atressed that i n  al f  thee8 

argerimbnte opeoial oar* was eot taken t o  . I fgn ths 

moleoules at t h ~  tube wal2. This l a  an &apesfant 
a 

faotor bec~ause, surfaae ctan im52uezme tEe oxienta.t;ion 
L 

of rolcaaulel~ in i t 8  tiuiaili~p depending upon the type 

of ahenric)dl treatment or mbbfng given t;o i f  (~ooher 

1933, ohatelain 1943). 20 study the erirot of w a l l  



orientation on q Fi8h.r and Fzedrickson (1 969) 

wed a arwpillary vieoomete~ surd *oak arparolal starpa 

t o  treat the w s l U  t o  eifacst a perpsrndirlbuXar or 

parallel dirsotor orlentartion. Por perp6sndf ouleir 

a1ie;nmcsnt at the W l  (a&isred by tseafiftg fho 

surfasrr with a rfrtnrr of rulghurio mi8 and dicrhroaate) 

universo3, crusrn in that Jf waa &me f o r  aU, value8 of  

tube radiw. %or pualllrX alignment at the w a l l 8  

(obtrti.nard by pausLagC a blr  *hrough the tub@ several 

alignment and #cay we= w b X u  t o  gr* a universal 

The f-rt ancalyfiedk $harory for Poiarsuille 

n o w  barared oa the gs3,(9k&+rr-&esl4e theory wars given by 

AtkSn (1970) foar the am+ af sera maygnetio fAeb3. By 

#Q&$W I&- he W a r  &&1, f a  #how fhst i s  

iunotion of 49/rll .lorma 2 8 e q  & a. (1972) ~ o l v s d  

AUrS.ngra equation8 mmrlaailXy and oaloulatdad q ar a 

funation of 4o/s.B plriag meaeursb values sil the rfeoorsity 

and elastie oca~thlats of PAA. 9e3re theor&isdL seatultu 

we23, with fha rxpsrAar@n$al data of  Pisher aatP 

Brcrdslakaon. Bowever %sew &a d i d  Sot interflgatcr 



%ha effeot o t  an utal maputtilo t l e l d  or of a h a w n g  

bolsndarf aonditian of direelor oxSecntafion on q. 

Xn dhis cobaptex dheue probbiw have been croxaldered. 

Siwe nomatilo8 have ipr positive d i a j l a p t i a  ouaoepti- 

b i l i t j  . n i i ~o trop~  (AJ ) r magnetio f i e l d  t a n d ~  t o  

a l d g n  the 651~eot0~  pa~adla l  90 the field dlserrtAon. 

I$ fauowr  fern the theoretiaal acrlaulatforre that aa 

axial f3.M d w e p  bri-e down the value of 

a$ p88~tA~rdV s r h a ~  2de. AX&O tang ai@Ujbnt, 

othex thaa the hoaerotropi~ aaa of the w a l l s  br5ngrr 

4owa tho value o f  q. 9his r~hcrwrs thaC q i e r  atrongly 

Anfluenorb by we& e~lcrhorSn$ of the birerotor a% the 

walls. 

Iha aargilxary fube i o  sklsumed t o  be harioontal, 

with i f  8 u i r  pu~aSld~1 t o  the .B dizsatlon. !Ehe f l u d  

i o  rsmmmd f o  n o w  5x4 the +I: diretotion. We as& artePraJ 

etato eolutiorus for  the dfrecrtar and re3oeify fie3ds 

in bhs farm 

q - 8in@(r),  ny - 0,  oos @(r) 
($1 



Ignoz!Am body iorow due t o  gravity crqmtioxu (25) 

of Chapter I aslo now ba tm&ttrur ae: 

%ha oosporunta o f  rag, gkr Oi Ud tpp vhioh are 

relerraat Oo UIlm p#bLem are 



where 

@r ~ l g  = 'in e , Oe rn QoB e , a 



*n elWnafio& o f  y fxom the apuatioo. ( J) yield. 

Also l (dl) ia$rgrrt. t o  yield 

* e n  -a = LB the pr.ssurs gradient * ioh A* 

wanted t o  ba a (m#$atfre) constant and b i s  an 

arbitrary aolutm4i I&%& h u  t o  be equated t o  sex@ SO 

Mat the relooity field ai@t not ba sipgular I at m y  

paint in a 8ectioa o f  -6 flw. Beno. 

Substituting in (4) one get6 



On rolt1ng (6) with uuitablr BoWazy eoaditione 

icu: 8 and obtatningt 8 or r fiacrtion of s (5) oaun be 

aolred w i t h  the boundary oondition V(R) O yieliling 

+ sr r fmation of x. SUB ambles a determinibtion 

of Q the t01ume of the ntamwtio flowing out a i  the babe 

R 
par serroa~ q i n  f n a t  O P ~  aub~equsntlr th. 

0 

B q u a t i o ~  (5) and (6) ~w bra-e 

( 4 2 ) ~ ~ * & *  29 ( A t  +j)L oo. 28) 
*I) 0 11 0 

21  (0) a2IJ 4f@)de) 



rrmonable t o  uauae  thalr 0 (0 )  - Bo . %he other 

boundary cronditim f o x  0 i r ,  that at the wall6 

B(B) = a a ~ 1 2  . r)re boundary rdw probbn om 

be nol2vsd p i t a  8hpl.y an i b l ~  fPItial value problem. 

FOE any valw Ob ( 7- 0 )  (7) lnteprat@d by 
Z 

f_be f o w t h  order B~1~r-Irutta methlod (see Appendix 1 

of $him Chapter) a11 0 a t t d ~  the value (4, at - Trn a y .  P B e a P r  <1/3 Equation ( 8 )  i e  
- 

where f 
P 



w8llXt8 

fa diaauearing the theore0isd seen;rjlt8 i t  i 8  

often aonvcsnient t o  lnvoko rrartisrin rcrdlisg lam 

(lEriakaen 1969) which enable one t o  pre#emf croapu- 

tations in the fonat of a unitaroaZ mwv4 that l a  

fndepsMen% of tho direasion8 oi the virrometer, ete. 

Pox the par t iau lu  ornu of PoisaPilXa. nor (In the 

sberernoe o f  a f i e l d )  tha aeaJ.tng law# wcrscr airat 

darlved by Atkin (1970) (ree Appendix 2 sS t h i e  

Ohapter), the plot of q wanat ~ V % R  rhould be a 

tankversa1 ousr@. Por tho  f i e l d  free ease Pisher a d  

Bradriobon c~onfir~aed ZhaP; the axper$ments2 da%a d i d  

indeed fall  on euch a uaivarsal a w t a  for Uffersnd 

tube radii. Xt ahauld hmmrer be emphmiasd that 

these a~aalirrg law8 do not hold gaod Jn We praeanae 

of' 6)xter111183rly apglaed perturbatirn Ilk4 eleotrio or 

m p e t i o  i f  elda. dP) the oaZoulai;ionr deal wfm various 

vafiuee ef tiher magmtio field it w i l l  be POXQ m e a - 1  

t~ preaent fhe reoulta f o r  one given Mbr rdiur.  

20 work out thtr oonsegaxan@ea ob Oh8 theory 

adoulo~tiontir on w typiwd zmmar%&a, Uke 9.M have been 

preaaentcbd. q baa been cdoulatod f o r  two valuer o f  

(d)I )n2, 24.2 and 1.23 cga. (nspeatftaly oorzeapondiog 



t o  f ie18 abrsqth,  oi 13340 and 3000 @awe 

approxiutely) w A t h  q - 4 2  o~~edsponding t o  

hmeo$ropAo diraetor dU@m@nt. The, tube radiure 

W&8 f 0  be 55.5 p. UI. V ~ U ~ S  of  pip EAi an8 

430 are 4ha 8~ M thma wed in OhPpter XI. 

jilr-8 t i&bm$srter the dependeaear sf t) on 

4 e / % ~ .  Aa uial aa@mtia i i a l d  b b n g ~  d o ~ n  the value 

of  q a% asy aheu, rats, lucgcbr the f i ~ t l d  greatex the 

dsarcrare* in q. UT fhrso ir  nak uraihoriag at the 

v i l l a  and t h a n  1. aob.houa$repio 31g1ozent (q pf 4 2 )  

q geCs e a ~ ~ ~ I & e m b % y  deamaood, 'Pbe dashed owve &A 

f i g w  1 oorrespsrrba t o  a - -r/lt f r  the f i e l d  ire. 

awe aad uh~wa %ha$ a* e w q  shear sate r) i s  l ea6  than 

i t s  value f m  fh+ bom8~0troplo 6-e. Th28 ie An 

guarlitad;Ava ~ e . P l s n $  wi%b the obaerratf ona of P i a h s ~  

and Predrfakorerr who Scrund not  o w  a 6ec3sesae in q bu$ 

alao a non-m&texeaO,L$iy nt fh. 0wve o f  q re. 4e/rII 

when they alifi~llipted t o  affee8 p u S 1 a 1  direoto~ rlOgrunent 

A t  tw Ugh field. with % -n/2 the dimetor 

i s  artento4 arloag the SoZd wex 8 ~ 1 0 3 0 ~  ~ e a t l o n  of flw 

exloaptixlg Scrr a borasdlazy lyres mar We tubs mallf, wham, 

8 ahaagra ilrm raga tJ10r, t o  -1~12, the 42aiokncrsr 

of tbs bourrdary %ayes dcrcnrrsrrer wA%h .tncrsararSng magsltude 



m e  1. Apparent rl6ooaity (1 o f  2AA n. 4 e / n ~  
for a tube radius of R $5.5 b. !bib W u e #  o f  
(J)I .nd q, . re  (a) 0,  +, tb) +t 
(a) 0 ,  - 4x1 ((1) 24.2, )frj (e f  0 ,  - .)t m 0. 0.  



of tho f4.U. In the abaonce of a f i e l d  if % 0 

the Qire~ltor i ~ 1  oriented along the, f l o w  throughout 

%he aecrtion of the f low'  f n  both $hatre wear  the 

actnmtio behave8 ar if It were an ordimwp f l u i d  w i t h  

tan eff@ctiVe vi~ooaity given b~ q rn + p4 + @/i !  

(a 0.024 p~4.0 for EM). 

In t i y r a 8  2(A) and 2(B) orientation profi le8 

have beeta given for BUTlersnt ahalar raZIer for 

( A x  )a2 - 24.2 m d  7.2) o g .  #or them cures at a 

given trh@ou! rate fhe trawrslltlon of the direrotor 

mientation Prom 8 a O t o  0 s 4 2  bocooerll nore abrupt 

w i t h  an Srrcrrea.8 i r r  the ffeL4. ?he rsaa~e taka8 plsoe 

on incrrcbradq? #bear rate at a given fierTti atrenlgth. 

9hfa 58 the dearrreaee in fhe thi~frxwos of the boundary 

layer refer-4 t s  earlier. Th6 vaLoaiw prof i le  

(figure 3) whiah i s  non-pu.ballc at i m  f i e l d .  (or 

ahear rate) turd8 t o  bec@m truly gerrabolicr PB the 

f i l s ld  or oheu rate As imrarared. 



pAmazr 2. Oxlmdation prafilerr .t diifar8nB ohem 
rates for ( b y  )H' = 24.2 (A) an& fez (4 )li2 = 1.23(B), 
wfth holsofmpio wall sligxment. !Phr talus8 o f  4 Q / x ~  
in (A) are (a) 0.0430453 (b) 0.05354) (o) 0.1345 .M 
in (a) (a) O.OP1245~ (b) 0.004167, (a) 0.052458, and 
( a )  O. t 372. 



-A. V111wiw p1~0311ea aQ Uff'emmf vaa3.ueb OZ 
4 q / % ~  and unr i i r U  ( o m 6  a 8x14 b) .nd near%y 

~ W u e  oi 4c&hB an@ di i faxult  f i e l d .  (curves b 
and a). V.llrim o f  ( b X ) g P  md cO/=R .N (a) 1.23. 
0.0012451 (b) 1.25, 0*004167$ [ a )  24.2. 0.0030451 .nd 
(a) (dx)a2 (I, r 4~Irr l :  OD ( t ~ a l ~  pa~obolio)~ 



Itere a brief d+noripfion of $he loureh order Bgnge- 

ftttta method for arol~4ag reccoad cucde~ ard l r rnsg 

diffsrential equations i s  QLrsn (for greater de$ailn 

6.0 Oozbt8 1960, a h a i d  19@). m8 i# Wm 
hrandy *en aui fni t ia l  tafw probl+oa i u  t o  be rolved. 

%ha* f a ,  i f  fbes vorluatrsl a f  fha fwration8 an4 S t 8  

derivatA~e di9/dP are knom af a pafnt 7 = a i t  $8 

poaaibl. t o  work out the rolus8 al 8 and at 

a nef glibouring point 7 rr a h auoh mat the valuer 

o f  B i s  aocurate upto the tern h4 in the 2aylor 8eri.e 

(henrre the 'fourth order methad*) h A 8  oallsd the 

atsp; in general smaller the value of B greater the 

To apply t h i s  method the  b i t t c l r m t l a l  eqpatlon (6) i e r  

written a% 

(AX ) H ~  Bin B 00s e ( A ,  + aoo re) 
+ 5 + 

f(e) a2/ 4f(@ 4(e) 

T.hlta d20/%~* i s  known as a function of (LB/B~ , 8 and 

. We o m  wr i te  



supporn we k n r  O .ad d68/dj at r point 3 6 yo a 

@ ( f , )  e, S (de/a?) y,, 7 9 men i t  i 8  p08.Lb18 
9 

t o  wr&ta the valua oi O at 7 I 4 h (where h $8 

#&kX enough) meb thaf thta value of @ i a  rsoousats 

opto the t a m  h4 in the zy lor  ecrleo.  The rduo  o f  

U%/d? at 6 4 h cur iL.9 b. mittant 



be oalouloted at the points 'f + 2h, 7, + 3h 

our aaloula.tc&or~~r 3E varied betwe- 5000 and 290000 

Uong with aqn. ( 6 ) ,  epn. (8) wm also integrated but 

by using the Umpeontr Rae, Iris;. , 

and a f s  am aven in.t;agrer* %hue at thr~ end o f  She step 

181, Q w a r  obta&neb dirgotly t o  enable a orloaloUorr o f  .t). 

3he psegrm wae wriftaa in Portran I V (double preeiaian) 



'Phe a e a d  o f  rpplying rrsrraSing hwa t o  the f i e l d  

f ~ e e  Poiarc6uS118 flow of a nematia Is outlined below* 

Hew variables r e ,  r e r  t9 are &@fined s u d  that 

r * Br+ r r Ba* ) ti r kt' (k 36 r pos i t i re  aomtsmt). 

~ m a t i t ~ a a  .itu tmim~ommtion beax a 16.m mupera~ript. 

v vo & $ k0 8 grad r - 1 grad v0 t 

Ihs equation8 Zb,  24 rurrB 2% are #3cac, diiferenfial 

equation8 for the Cvo d f ~ e o e ~ r  omponsm+s and for tha 



'velooftp rs. WsZng the .bore traneiamab5on th. 

ool?respo~iw ~yatem o i  equtioru for vu and nQ a m  

obtained wUoh has that am@ f a r m  as thr, srigia& 
eystem. I f  a ~ W q u s  sulufioa e a r t o  tor t h i u  new 

arstem of @prution6 0' .nd dpQ/ds* are rmipuely 

related 80 that 

2hus q should be a f u r o t i o n  o f  8/lhl . 
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